The genus Stemona LOUR. (Stemonaceae family) in China contains five species: Stemona sessilifolia (MIQ.) MIQ., S. japonica (BL.) MIQ., S. tuberosa LOUR., S. parviflora C. H. WRIGHT and S. mairei (LEVL.) KRAUSE.
Noncoding regions of cpDNA are presumably under less functional constraints and evolve more rapidly, so they may provide useful phylogenetic information at lower taxonomical levels and offer molecular marker for species identification. Therefore, many noncoding regions, including introns and intergenic spacers, have been sequenced recently to assess intrageneric relationships, such as the nucleotide sequences of chloroplast trnL-trnF, [12] [13] [14] [15] petB-petD, 16) trnKrps16 17, 18) and trnH-psbA [19] [20] [21] [22] regions. Recently, Vongsak et al. have reported that trnH-psbA sequence is useful to differentiate S. tuberosa from five related species existing in Thailand. 23) In the present study, we investigated the nucleotide sequences of chloroplast trnL-trnF, petB-petD, trnH-psbA and trnK-rps16 regions of the 4 Stemona species including the three recorded in CP, S. parviflora and a common counterfeit of Stemonae Radix, Asparagus cochinchinensis (LOUR.) MERR. Futhermore, a phylogenetic tree was reconstructed for 9 Stemona species distributed in China and Thailand on the basis of the trnH-psbA sequences including several sequences registed in GenBank. June 5, 2009 ple of Asparagus cochinchinensis (LOUR.) MERR. from Anhui Province. All materials were authenticated by the authors. The details are summarized in Table 1 , along with the voucher numbers.
MATERIALS AND METHODS

Plant Materials
All of the plant specimens were stored at the Herbarium of Pharmacognosy, School of Pharmaceutical Sciences, Peking University Health Science Center, Beijing, China.
Genomic DNA Extraction Total DNA was extracted from 20-50 mg of dry leaves using a DNeasy Plant Mini Kit (QIAGEN, Germany). DNA quality and quantity were determined by electrophoresis on 1% agarose gel stained by ethidium bromide.
Polymerase Chain Reaction (PCR) Amplification Primers for amplification of cpDNA trnL-trnF, petB-petD, trnK-rps16 and trnH-psbA regions are listed in Table 2 . Most of these primers were designed based on the comparison of the corresponding sequences of three monocotyledons, Zea mays LINN. (Accession no. X86563), 24) and Oryza sativa LINN. (Japonica cultivar-group, Accession no. X15901) 25) from Poaceae, and Lemna minor LINN. (Accession no. NC 010109) 26) from Lemnaceae, of which complete sequence of cpDNA have been deposited in GenBank. Primers used in analysis of trnL-trnF sequence were the same as those of Taberlet et al. 27) The reverse primer of petBpetD region was designed according to Loehne's report. 16) The PCR was performed in a 30 ml reaction mixture, containing 1 mg/ml bovine serum albumin (BSA), 0.2 mM of each dNTP, 0.25 mM of each primer, 1ϫPCR buffer and 1.5 U Taq polymerase (NIPPON GENE Co., Ltd., Japan) and 0.5 ml of template DNA. The thermal cycle conditions for amplification were as follows: trnL-trnF region, first denaturation at 95°C for 5 min, followed by 35 cycles of 95°C for 30 s, 1440 Vol. 32, No. 8 
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; petB-petD region, first denaturation at 96°C for 1.5 min, followed by 35 cycles of 95°C for 30 s, 50°C for 60 s, and 72°C for 90 s, and final extension at 72°C for 20 min; trnK-rps16 and trnH-psbA regions, first denaturation at 94°C for 1.5 min, followed by 35 cycles of 94°C for 30 s, 55°C for 30 s, and 72°C for 80 s, and final extension at 72°C for 20 min. The 1/10 volume of resulting PCR-amplicon was detected by 1.0% agarose gel electrophoresis and then the remained part was purified using Millipore montage-PCR column (Millipore, U.S.A.).
Sequence Determination and Phylogenetic Analysis The purified PCR products served as template, sequencing reaction were performed using the Dye Deoxy Terminator cycle sequencing kit (Applied Biosystems, U.S.A.) with the same primers as in PCR amplification and several inside primers. The thermal cycling condition was 96°C for 1 min, 25 cycles of 96°C for 10 s, 50°C for 5 s and 60°C for 4 min. After removal of unincorporated fluorescent reagents from the produced mixture using AutoSeq TM G-50 Dye Terminator Removal Kit (GE Healthcare Biosciences, U.K.), sequencing products were analyzed on an automated DNA sequencer (ABI Prism 3100-Avant Genetic Analyzer, Applied Biosystems, U.S.A.). The obtained sequences were edited and aligned by the AutoAssemble program (Version 1.3.0, Applied Biosystems, U.S.A.), and adjusted manually where necessary. The boundaries of trnL-trnF, petB-petD and trnKrps16 regions were assigned by comparison with the sequences of maize 24) and rice. 25) While the boundary of each DNA region within the amplified trnH-psbA fragment was compared with the sequences of Stichoneuron caudatum RIDL. (Accession no. AB373200) from Stemonaceae and Sagittaria trifolia LINN. (AB331314) from Alismataceae, which showed high homologous to that of Stemona species. The nucleotide sequences of cpDNA trnL-trnF, trnH-psbA, petB-petD and trnK-rps16 regions of Stemona spp. determined in the present study were deposited in the DDBJ, EMBL and GenBank nucleotide sequence databases with the accession numbers shown in Tables 3-6, and that of A. cochinchinensis shown in Table 1 .
The phylogenetic trees were constructed using the computer program PAUP* (Version 4.0b4a, Sinauer Assoc. Inc., U.S.A.). UPGMA method was performed with Kimura's two parameters. Parsimony analysis was performed using the Heuristic search method, with tree-bisection-reconnection (TBR) branch-swapping, MULPARS, a random addition sequence of 10 replicates, and with Stichoneuron caudatum of the genus Stichoneuron (Accession no. AB373200) as outgroup. Gaps were treated as "missing data." Bootstrap (1000 replications) analysis was performed to estimate the confidence of topology of the consensus tree.
RESULTS
Thirty samples of four Stemona species, as S. tuberosa, S. sessilifolia, S. japonica and S. parviflora were collected from different locations in China and their nucleotide sequences of chloroplast trnL-trnF, petB-petD, trnH-psbA and trnK-rps16 regions were determined and compared. The PCR product of each of the four DNA regions from all species showed single band in the electrophoretogram and the determined sequences showed high homologous with the corresponding sequences deposited in GenBank, demonstrating the specificity and efficiency of the designed primer pairs. The determined sequences and their comparison were described as follows.
Comparison of Sequences in trnL-trnF Region The sequence of determined trnL-trnF region varied from 928 to 961 bp in length, which included whole trnL intron of 508-522 bp, 3Ј exon of trnL gene of 50 bp and trnL-trnF intergenic spacer of 367-403 bp, respectively. S. japonica showed the longest length of 961 bp and S. parviflora showed the shortest one of 928 bp. As shown in Table 3 , fourteen variable sites, including seven sites of nucleotide substitutions and seven sites of indels were observed among the four species. Moreover, variation of the poly-A number within the aligned positions 123 to 130, together with two sites of nucleotide differences at positions 207 and 860 resulted in four types of sequences within S. tuberosa (Ta1-Ta4). Poly-T number variation within the aligned positions 628-640 in S. sessilifolia and one site of nucleotide difference presented in S. japonica resulted in the both species possessed two types of sequences (Sa1 and Sa2, Ja1 and Ja2), respectively. Although genetic polymorphism has been observed in the three CP species, nucleotide differences at positions 283, 755 and 895 enabled the four species to be deliminated from each other. S. parviflora could be distinguished from other three species by the specific nucleotide at position 785 and the absence of a 12-bp and a 10-bp sequence-unit at the aligned positions 300-311 and 840-849, respectively.
Comparison of Sequences in petB-petD Region The petB-petD region reported here included the whole petBpetD spacer (202 bp), 5Ј-exon of petD gene (8 bp) and the entire petD intron (743-769 bp) regions. As shown in Table  4 , five sites of nucleotide differences within petB-petD spacer, and five sites of differences together with a site of 1-bp and four sites of multiple-base indels within petD intron region were found among the four species. S. tuberosa presented two types of petB-petD sequences (Tb1 and Tb2), and the two differed from each other by having 1 or 2 repeats of a 18-bp sequence unit within aligned positions 455-490, and a site of nucleotide substitution (Cytosine/Guanine, C/G) at position 774. Only one sample from Yangshuo, Guangxi Province was of Tb2 type sequence. S. japonica also showed two types of sequences (Jb1 and Jb2), which were different from each other by two sites of nucleotide substitutions at positions 720 and 818. The sequence of S. japonica and S. sessilifolia showed higher similarity than the other two species, while two species-specific nucleotides at positions 32 and 33 differed them clearly from each other and from the other two species. S. parviflora had its species-specific nucleotides at positions 62 and 672 that differentiated itself easily from the other three speices.
Comparison of Sequences in trnK-rps16 Region The determined sequence of trnK-rps16 region included trnKrps16 intergenic spacer which varied from 552 to 556 bp in length according to the different species, and partial rps16 gene (49 bp). The sequence comparison was shown in Table  5 . Nucleotide variations were found at twelve nucleotide sites, of them two were in the partial rps16 gene. Four types of sequences were detected within S. tuberosa, of which only type Tc4 was observed in Hainan Province (China). The nucleotide at position 146 was specific for the identification of S. tuberosa from other species, while the nucleotides at positions 156, 166, 332 and 593 enabled the discrimination of S. parviflora. The sequences of S. sessilifolia and S. japonica were almost identical except for one substitution at position 470, which can be treated as the molecular marker for identification of S. sessilifolia.
Comparison of Sequence in trnH-psbA Region The amplified trnH-psbA region included trnH-rps19 spacer, rps19 gene, rps19-rpl22 spacer, rpl22 gene, rpl22-psbA spacer and partial psbA gene. The whole length ranged from 988 to 1016 bp. Although this region was amplified using the primer set S-trnH-3-F and S-psbA-3-R designed on the basis of the sequences of rice and maize, the determined sequence of this region in Stemona species differed considerably from those of the corresponding region in rice and maize even in length. As reported by Wang et al., this location is a junction-region between the inverted repeats (IR) and the large single copy region in cpDNA, and it is much variable due to various expansions or contractions of IR. 28) After BLAST search of the similar sequence in GenBank, sequences of Stichoneuron caudatum and Sagittaria trifolia with high homology of 96% and 93%, respectively, were hitted. By comparison with the two sequences, the boundaries of trnH, rps19, rpl22, and psbA genes were defined. The recently reported sequences from Stemona species existing in Thailand supported our results. 23) Within the determined region, nucleotide substitutions were found at six sites, of them two were from the partial psbA gene sequence. There were four sites of indels among the four Stemona species. The indels resulted from repeat number variation of several sequence units were observed in rpl22-psbA spacer region (Table 6 ). Nucleotides at positions 24 and 1019 completely distinguished S. tuberosa from the other three species, while nucleotide at position 416 discriminated S. japonica from the others. It is interesting that a 18-bp inverted sequence between nucleotide positions 828 to 845 was found in S. parviflora, differing from the other three species. There were four types of sequences within S. tuberosa, which differed from each other by two sites of nucleotide substitutions as well as one site of multiple-base indel at positions 903-936. The sequence of S. japonica also was divided into two types by one site of substitution at position 423.
DISCUSSION
Multi-source drug, a crude drug that may be derived from several source plants, is a general phenomenon in traditional Chinese medicine. Therefore, it is an important task to clarify whether the drugs from different botanical origins have equal bioactivity and underlying scientific basis in order to guarantee the efficacy and safety of crude drugs. Stemonae Radix is one of these cases, therein three species are prescribed in CP as official sources and other congeners are also medicinally used in local areas. 10) On the other hand, these species, including the three specified in CP, showed significant variations in the composition and content of the major alkaloids, such as protostemonine, maistemonine, croomine, stemoninine, neotuberostemonine and tuberostemonine. 9) Comparative pharmacological studies revealed that the ethanol extracts of them possessed different degrees of antitussive, anti-bacterial, insecticidal activities.
10) The market survey showed the sources of Stemonae Radix included all Stemona species (more than 50% were S. tuberosa) and several Asparagus species. 10) Therefore, it is important to effectively identify the sources of Stemonae Radix. In our preliminary experiment, the sequence of cpDNA trnK intron region could not differ the four Stemona species. Therefore, we focused on the other four cpDNA regions as trnH-psbA, trnLtrnF, petB-petD and trnK-rps16 regions, because the relatively high rate of variation in these regions was inferred from sequence comparison of other low taxanomic level taxa. 19) Among them, the sequences of petB-petD and trnKrps16 regions of Stemona species were first reported. The present results revealed that the sequences of petB-petD and trnK-rps16 regions, showing relatively high substitution rate, were more informative than that of trnL-trnF and trnH-psbA regions (Table 7) . Sequences from all of the four regions provided useful information to discriminate the three CP species from each other and from S. parviflora.
Recently, Vongsak et al. 23) have reported the trnH-psbA sequences of five Stemona species existing in Thailand, and S. tuberosa was a common species to our study which showed almost the same sequence as type Ta1 sequence in our study, except for one site of nucleotide difference at position 423 (Acce. no. AB373199 in GenBank). By including their sequences deposited in GenBank into data matrix, a phylogenetic tree was reconstructed (Fig. 1) . Both UPGMA tree and most parsimonious tree provided similar topology, in which nine Stemona species (including an unknown species) distributed in China and Thailand were divided into two clades. The three CP species belonged to the same clade with high bootstrap value (Ͼ90), and therein S. japonica and S. sessillifolia formed a sister group, showing closer relation than to S. tuberosa. S. tuberosa and two Thailand species (S. collinsae CRAIB and S. burkillii PRAIN) formed the other subclade but with low bootstrap value (Ͻ50). S. parviflora collected from Hainan Province showed close relationship to S. phyllantha GAGNEP. and S. aphylla CRAIB. distributed in Thailand and far from the three CP species. The sequencing data of the other three cpDNA regions of the four Chinese species confirmed the same result. S. japonica and S. sessillifolia that were of the closest relation, were next to S. tuberosa, while S. parviflora was genetically far from them.
Jiang et al. 6) have reported the trnL intron sequence of the four Stemona species (Accession No. DQ085269-DQ085271 in GenBank). However, only one sample of each species was investigated. Besides trnL intron, our study expanded the sequence information of trnL-trnF spacer, and enabled us to further develop a convenient PCR-restriction fragment length polymorphism (RFLP) method for rapid identification of those four Stemona species. 29 ) Several samples from different locations in China were investigated and intra-species varitation was observed. Comparing with the sequences deposited in GenBank, the trnL intron sequence of S. sessilifolia was completely the same. The sequences of S. japonica and S. tuberosa were almost identical to one type of our results except for 1-bp insertion in the former and 12-bp repeat sequence insertion in the later. The specimens of S. japonica and S. tuberosa used by Jiang et al. 6) have been collected from Nanjing, Jiangsu Province and Yunnan Province of China, which are different locations from the present study. The intra-species diversity within our samples was obvious and both differences in the two species were expected to be introduced by a single event of change, therefore, we proposed that the sequence differences between ours and those deposited in GenBank might be own to the intraspecies polymorphism.
Four chemical types of S. tuberosa, differing by alkaloid composition, have been recognized. 6, 7) It is unclear whether the difference is resulted from genetic diversity or environmental variation. In the present study, intra-species variations were obviously observed in S. tuberosa, therein two types of petB-petD sequence and four types each of trnL-trnF, trnHpsbA and trnK-rps16 sequences resulted in six haplotypes (Stub-I-Stub-VI in Table 1 ). The haplotypes Stub-I and II were the dominating types, accounting for about 2/3 of the total samples. Haplotypes Stub-IV and V were observed in samples from Guilin, Guangxi Province; these two types differed from each other on three of the four tested cpDNA regions even though they were geological neighbour. Haplotypes Stub-VI was unique to the sample from Hainan Province. Comparing our chemical data of the corresponding samples (data not shown), it was found that the genetic polymorphism had no relation to the different chemical types, but seemed to be consistent with geographical distribution.
In conclusion, molecular analysis of the DNA sequences of chloroplast trnL-trnF, petB-petD, trnK-rps16 and trnHpsbA regions provided useful information for identification of the three source species of Stemonae Radix from each other, and from S. parviflora and the counterfeits. Based on the sequences of trnL-trnF and petB-petD regions, two PCR-RFLP methods are proposed for convenient and rapid identification of Stemonae Radix. The details and the results of the identification of crude drugs will be reported in our future paper. 29) Fig. 1. Phylogenetic Tree Based on Sequences of cpDNA trnH-psbA Region Left: The phylogenetic tree reconstructed by UPGMA method with distance calculated by Kimura's two parameters. Right: The 50% major-rule consensus tree obtained by maximum parsimonious analysis. Tree lengthϭ62, CIϭ0.7419, RIϭ0.8095, RCϭ0.6006. Number above line is branch length, and number below line is the bootstrap value with 1000 replicates. Bootstrap values were obtained from 1000 replications. The broken line indicates the clade with bootstrap value less than 50%. The accession number in bold face is investigated and registered in GenBank by the present study, and the remaining is obtained from GenBank.
